The selenium and iodine status was determined in calves (3, 6 and 9 months old) and heifers (12 months) on two farms (A-Kovin, and B-Vrbas) 
INTRODUCTION
Three iodothyronine deiodinases, types D1, D2 and D3, which catalyze deiodination of thyronines, contain selenium in the form of selenocysteine in their catalytic sites. Enzymes ID1 and ID2 catalyze primarily outer-ring (5') deiodination and are responsible for bulk T 4 to T 3 conversion. Enzyme ID3 catalyzes inner-ring (5) deiodination rendering T 4 and T 3 inactive (Bates et al., 2000) . It has been shown in rats that even severe and prolonged Se deprivation does not significantly affect thyroidal ID1 activity (Arthur et al., 1990; Bates et al., 2000) . However, extrathyroidal ID1 activities, in liver, kidney and muscle (Beckett et al., 1992) , are decreased. Therefore it is logical to assume that both iodine and selenium status of animals should be sufficient to insure normal thyroid function and plasma thyronine status.
Several parts of Serbia are recognized to be both iodine and selenium deficient (Jovanovi} et al., 1996; Sinadinovi} and Han, 1995; Mihailovi} et al., 1994) . In eight goitrogenous parts in Serbia the incidence of severe hypothyroidism in humans fell dramatically during the '60-ies when iodine prophylaxis was introduced. Nevertheless, in some of those areas the incidence of hypothyroidism never fell below 20 -30%, and in others it is on the rise again (Sinadinovi} and Han, 1995) . In marginal iodine and/or selenium deficiency, such as we could expect in Serbia at present, only young animals would eventually show clinical signs of hypothyroidism, while adults would have overall poorer health/production performance. Therefore, the purpose of this study was to examine the relationship between selenium status and circulating thyronines in iodine/selenium unsupplemented calves and heifers from calving to 12 months of age, living in selenium and/or iodine deficient regions.
MATERIAL AND METHODS

Experimental animals
The experiment was conducted on 64 iodine and selenium unsupplemented calves and heifers (Holstein x Friesian crossbreds) at two diary farms situated near the towns of Kovin (Farm A) and Vrbas (Farm B) in the northern Serbian province of Vojvodina. On the farm A Sinadinovi} et al. (1982) described a case of severe hypothyroidism with an outbreak of massive congenital goiter in calves. Four groups of 8 calves, were formed at each farm on the basis of age and denoted as follows: Group I: aged 0-3 months; Group II: aged 4-6 months; Group III: aged 7-9 months; and Group IV: aged 10-12 months.
Blood and feedstuff samples
Blood samples were taken from the jugular vein in heparinized tubes and centrifuged at 1500 x g for 15 minutes to obtain plasma. Each sample was divided into two: fresh plasma was utilized immediately for determination of selenium dependant GSH-Px activity, and the rest was frozen at -20 o C for subsequent thyronine and Se analysis. Samples of feedstuffs for determination of Se content were collected randomly from the territory approximately 15-20 km around each farm.
Selenium and iodine status
Plasma thyronine concentration (T 4 and T 3 ) was determined in duplicate samples using standard commercial RIA kits (INEP-Beograd). Selenium concentration was determined using hydride generation atomic absorption spectrophotometry (Welty et al., 1987) . Glutathione peroxidase (GSH-Px -EC. 1.11.1.9) activity was analyzed spectophotometrically (Günzler et al., 1974 ) using a tertiary butyl hydroperoxide (TBH) concentration below 2,32 mM in order to determine only the activity of selenium dependant GSH-Px (Sankari, 1985) .
Statistical analysis
The significance of differences between groups was calculated using Student's t-test, where p < 0.05 was considered statistically significant. Correlations were determined using linear regression.
RESULTS
Selenium concentrations in feedstuffs on the territories surrounding farm A (n=14) and B (n=17) were lower than 0.1 ppm in 90% of the samples and lower than 0.05 ppm in >67%.
Selenium concentrations and GSH-Px activities in plasma of calves and heifers from farms A and B are presented in Table 1 .
Mean plasma selenium concentrations in calves and heifers from both farms were very low, ranging from 1.58 to 9.42 µg/L. It is evident that the plasma GSH-Px activity was very low in 3-month-old calves (Group I): 8.4 ± 5.2 and 16.1 ± 4.3 µkat/L on farm A and B, respectively; and significantly higher in 12 month old heifers (Group IV): 39.0 ± 6.2 and 40.8 ± 9.8 µkat/L on farm A and B, respectively.
Plasma thyroid hormone concentrations and their ratio are presented in Table 2 .
Mean plasma T 4 levels in all groups of calves and heifers were relatively high, between 57.1 and 102.9 nmol/L. Thyroxine level distribution among the age groups on both farms ( Figure 1 ) were consistent. In the plasma of calves from farm A, T 4 concentrations were significantly lower (p < 0.05) in group III (57.4 ± 8.2 nmol/L) compared to group II (94.3 ± 13.6 nmol/L), and in the calves from farm B in group II (80.8 ± 20.7 nmol/L) and III (57.1 ± 17.0 nmol/L) compared to group I (102.9 ± 24.3 nmol/L). Mean plasma T 3 levels in calves and heifers from both farms (Figure 2 ) ranged from 2.72 to 3.51 nmol/L, and did not vary significantly, except for group I on farm B, where the level was significantly higher than in the rest of the groups.
A significant positive correlation (r 2 = 0.80) was found between plasma GSH-Px activity and T 3 : T4 ratio in the calves of group II from farm A, as well as in combined groups II and III (r 2 = 0.68) from farm B ( Figure 3 ). 
DISCUSSION
Selenium concentrations in feedstuffs on the territories surrounding both farms were lower than 0.1 ppm in more than 90% of the samples and lower than 0.05 ppm in more than 67%. Those values can be considered marginally deficient according to the categorization given by Kubota et al. (1967) .
Plasma selenium concentration and GSH-Px activity are considered to be good indicators of short-term selenium status in ruminants (Gerlof, 1992) . Selenium concentrations in plasma of calves from Kovin and Vrbas (Table 1) were very low, ranging individually from 1.0 to 13.4 µg/L and reflecting the low selenium intake through milk and feeds. McDowell et al. (2001) in an experiment carried out in Florida, with selenium contents in feeds similar to ours, measured plasma selenium levels of selenium unsupplemented calves ranging from 10 to 30 µg/L and in supplemented 20 -70 µg/L. Pehrson et al. (1999) found plasma selenium concentrations from 32 to 81 µg/L in 22-day-old calves whose dams were supplemented with selenium.
Plasma GSH-Px activities on both farms (Table 1) were very low in 3-monthold calves but significantly higher in 12-month-old heifers, although still very low. A similar increase in selenium content and selenoenzymes in blood plasma and tissues was recorded by Bates et al. (2000) in growing rats.
Plasma T 4 levels ( Table 2 ) in all calves were relatively high, between 38 and 154 nmol/L. Kallfelz and Erali (1973) Our results for plasma T 4 and, specially for T 3 levels (Table 2 ) correspond to those given by Sinadinovi} and Han (1995) for the same diary farm in Kovin, after iodine supplementation (T 4 = 98 nmol/L, T 3 = 2.41 nmol/L), while the same authors found significantly lower plasma T 4 and T 3 levels before iodine suplementation (T 4 = 47 nmol/L, T 3 = 1.36 nmol/L). According to Beckett et al. (1989) , in selenium deficient rats plasma T 4 levels were elevated together with largely unchanged T 3 , as a consequence of a marked decrease (>90%) in liver ID1 activity. In the calves from our study, ratios of circulating T 3 : T 4 were 0.0214 -0.0395. Triiodothyronine (T 3 ) levels were somewhat below those given by Awadesh et al. (1998) , who found plasma T 3 levels in young calves (up to 2 months of age) ranging from 3.2 to 8.1 nmol/L. However, when comparing the T 3 :T 4 ratio ranging from 0.032 -0.053, the difference appears to be smaller.
Significant positive correlations were found between plasma GSH-Px activity and T 3 :T 4 ratio in some groups of calves from both farms (Figure 3 ). GSH-Px activity is generally regarded as a good functional expression of selenium status (Smith et al., 1988) , and plasma T 3 :T 4 ratio as a measure of selenoenzyme ID1 activity, predominantly in the liver, kidney and muscle. The enzyme ID1 in these tissues accounts for about 80% of circulating T 3 (Beckett et al., 1992) . These correlations indicate that the dependence of thyroxine activation on selenium status in extrathyroidal tissues could be of particular importance in calves aged 4-9 months.
